The geometric data for a broken blade of a horizontal axis micro-hydrokinetic turbine were obtained by reverse engineering and, reconstructed model was validated by re-engineering process and experiment. A direct scanning procedure was applied in order to verify the blade profile and stagger angles. Two computation methods were used in order to validate technical data of the turbine. For the first was used the classical computation method and, for the second method, the principle of extraction the maximum power from the fluid flow was considered. Differences for stagger angles of the blades were found, and an increased hydraulic power of 7 %, when using the second design method comparing to the initial data. After re-engineering, the new runner was manufactured by a rapid prototyping method and was tested for data validation. Experiments confirmed the theoretical results with a good precision. Increased hydraulic power by 5% was recorded.
Introduction
A relevant application of reverse engineering is to producing of 3D digital models of various mechanical worn or broken parts. Some of the damaged or broken parts are no longer available to be replaced and design data are absent.
The main steps in reverse engineering procedure are: sensing the geometry of the existing piece; creating a 3D model; manufacturing by using an appropriate CAD/CAM system [1] [2] [3] [4] . In literature, results concerning the procedure of reverse engineering for the case of turbomachinery are available, but are mainly focused on the gas turbine blades. Some studies were dedicated to enhancing the accuracy of scanned surfaces [5] [6] [7] [8] . Other researches were centered on using the results of reverse engineering for certain applications e.g. the static structural analysis for different materials at various centrifugal loads for a rotor blade [9] or describing of the manufacturing process for wide chord fan blades and improving the die sets used for their manufacture [10] . In the reviewed literature, the number of studies concerning reverse engineering for other fluid machinery, except gas turbines, is relatively reduced. Some researches are available concerning the simulation or reconstruction of small turbine runners, either radial (Francis type) [11, 12] or axial (bulb type) [13] . A reduced number of papers reports on validation of the new blade design, considering the hypothesis that an accurate reverse engineering procedure assures similarity between original and reconstructed parts. Still, the errors in image processing, the influence of uneven erosion of blades or other causes could be reasons for not matching between the two blades -original and redesigned. Therefore, by using a re-engineering procedure more accurate results and even increased efficiency could be obtained.
In the present work a small horizontal axis micro-hydrokinetic turbine used for electricity supply of a fluvial buoy is considered [18] . The geometric data of one broken blade of the turbine runner were obtained using a direct scanning method. After identification of the hydrodynamic profile and the stagger angles for 9 sections of the blade, calculations for verifying the turbine's parameters have been carried out. By using a classic method for runner design -mitigation of the drag force along the blade and maximization of the lift force -a reduced hydraulic power by 3 % was obtained, comparing with available technical data of the hydraulic turbine with broken blade. A second method was used, based on the principle of extracting the maximum power from the water flux, in order to re-engineer the blade. Increasing the hydraulic power by 7% was obtained when using the second design method comparing with the rated power of the initial turbine. Therefore, new runner was proposed, and instead of reconstructing one blade, all three blades of the runner were manufactured by using a rapid prototyping method. Validation of the theoretical model was obtained by experiment and an increasing hydraulic power of 5% was reported.
Design methodology
In order to obtain the most appropriate reconstructed model for the hydrokinetic turbine by reverse engineering, three steps were followed. First, geometrical data of the broken blade were obtained by using a direct scanning method, followed by runner re-engineering and optimizing the runner computing method. Finally, experimental validation was performed in order to compute the rated power for the new runner. 
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